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8QGHUVWDQGLQJWKHRULJLQDQGmaintenance of biological diversity has long been the ‘holy 
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efforts on a small prior number of species (10) ()LJ7KHVHGHSDUWXUHVVXJJHVWWKDW




























patterns, such as the size of “manageable” species complexes. For example, larger groups 
PD\DOUHDG\EHPD[LPDOO\VSOLWE\WD[RQRPLVWVZKHUHDVVPDOOHUJURXSVFRXOGSUHVHQWPRUH







































































































7KHLQVHWXQGHUWKHPDJQLI\LQJJODVVLQ)LJ$illustrates the population geneticist’s 























































































































































































DQG GLIIHUHQWLDWLRQ VLQFH WKH HDUO\ V -DUQH 	 /DJRGD  7KH VHTXHQFH UHJLRQV
IODQNLQJPLFURVDWHOOLWHVDUHRIWHQVXIILFLHQWO\FRQVHUYHG IRUGHVLJQLQJ3&5SULPHUV WKDWDUH
IXQFWLRQDO DFURVV UHODWHG VSHFLHV DQG VRPHWLPHV HYHQ DFURVV JHQHUD 6FKO|WWHUHU et al.
6WHLQNHOOQHUet al.%DUEDUiet al. WKXVPLFURVDWHOOLWHPDUNHUVKDYHEHHQ





XQGHUVWDQGLQJ ILQHVFDOHSDWWHUQVRISRSXODWLRQVXEGLYLVLRQDQGRUYDULDWLRQ LQ UHSURGXFWLYH




PHWKRG WKDW ZDV LQ IUHTXHQW XVH PDLQO\ Ln the 1990’s and early 2000’s. The presence / 
DEVHQFH SDWWHUQV LQ $)/3 DUH W\SLFDOO\ LQWHUSUHWHG DV GRPLQDQW PDUNHU LQIRUPDWLRQ 7KH
PHWKRGKDVEHHQXVHIXOIRUVWXG\LQJUDGLDWLRQVHJVL[RIRXUUHYLHZHGVWXGLHVXVHGLWDQG
















JHQRPHV RIIHU ERWK FRQVHUYHG UHJLRQV IRU 3&5SULPHU GHVLJQ DQG YDULDEOH UHJLRQV WR EH
XVHGDVPDUNHUV WKH\FRQWLQXH WREHXVHG IRU ELRJHRJUDSKLFDQG'1$EDUFRGLQJVWXGLHV
+HEHUWet al.&ROOLQV	&UXLFNVKDQN7KHDGYDQWDJHVRIRUJDQHOODUPDUNHUVOLH
LQWKHLU IDFLOHGHWHFWLRQDFURVVODUJHHYROXWLRQDU\GLVWDQFHV WKHKDSORLG VLPSOHQDWXUHRI





RQRUJDQHOODUJHQRPHV LQ WKHFRPSOHWHDEVHQFHRIQXFOHDUJHQRPLFGDWD:HSUHGLFW WKDW
RUJDQHOODU PDUNHUV ZLOO FRQWLQXH WR EH XVHIXO LQ VWXGLHV RI UDGLDWLRQV LQ FRQMXQFWLRQ ZLWK
QXFOHDUPDUNHUVHVSHFLDOO\IRUXQGHUVWDQGLQJWKHGLVSHUVDOELRORJ\RIUDGLDWLQJVSHFLHV
$PSOLFRQVHTXHQFLQJRIVHOHFWHGQXFOHDUJHQHV
$PSOLFRQ VHTXHQFLQJ RI QXFOHDU JHQHV KDV JDLQHG UDSLGO\ LQ SRSXODULW\ LQ UHFHQW \HDUV
EHFDXVH RI LWV REYLRXV DGYDQWDJHV HJ JDLQLQJ DFFHVV WR ELSDUHQWDOO\ LQKHULWHG QXFOHDU
JHQRPLF LQIRUPDWLRQ DFURVV PXOWLSOH VSHFLHV DW UHDVRQDEOH FRVW $PSOLFRQ VHTXHQFLQJ RI
QXFOHDU'1$ZDVJUHDWO\ IDFLOLWDWHGE\ WKHDELOLW\ WRGHWHFWRUWKRORJRXVVLQJOHRU ORZFRS\
QXFOHDU JHQHV LQ FRPSDUDWLYH JHQRPLF GDWDEDVHV HJ'XDUWH et al.  DQG WKH UDSLG
GHYHORSPHQWRIWKHDQDO\WLFDOWRROER[DYDLODEOHIRUDQDO\]LQJVHTXHQFHGDWD1LHOVHQ
LQFOXGLQJUDSLGKDSORW\SHSKDVLQJ,QIDFWRIRXUUHYLHZHGVWXGLHVPDGHXVHRIDPSOLFRQ
VHTXHQFLQJ RI QXFOHDU ORFL W\SLFDOO\ XVLQJ WKH FODVVLFDO 6DQJHUPHWKRG:H VXVSHFW WKDW
DPSOLFRQ VHTXHQFLQJ RI QXFOHDU JHQHV ZLOO FRQWLQXH WR EH XVHIXO IRU PHGLXPWKURXJKSXW
VWXGLHVRI UDGLDWLRQVHVSHFLDOO\ LIFDUULHGRXWXVLQJFRVWHIIHFWLYHVHTXHQFLQJWHFKQRORJLHV
,Q WKLV FRQWH[WDQDGYDQWDJHRIDPSOLFRQVHTXHQFLQJFRPSDUHG WR WDUJHWHG UHVHTXHQFLQJ

















 *HQRW\SLQJ E\ 6HTXHQFLQJ *%6 (OVKLUH et al.  3DUFKPDQ et al.  RU
GRXEOHGLJHVW5$'VHTXHQFLQJ GG5$'VHT3HWHUVRQet al.$OORI WKHVH LQYROYH WKH
LGHD RI UHGXFLQJ WKH FRPSOH[LW\ RI VHTXHQFLQJ WHPSODWHV E\ UHVWULFWLRQ GLJHVWLRQ YDQ
2UVRXZ et al.  IROORZHG E\ GLIIHUHQW VHOHFWLRQ VWHSV DQG WKH DGGLWLRQ RI EDUFRGLQJ
PROHFXOHV WR DOORZ PXOWLSOH[LQJ RQ KLJKWKURXJKSXW HJ ,OOXPLQD VHTXHQFLQJ SODWIRUPV
5$'VHTDSSURDFKHVFRQWDLQVKHDULQJDQGVL]HVHOHFWLRQVWHSVQRWSUHVHQWLQ*%6'DYH\
et al.  DQG GG5$'VHT ZDV HVSHFLDOO\ GHVLJQHG WR DFKLHYHPRUH HYHQ VHTXHQFLQJ
FRYHUDJHDFURVV LQGLYLGXDOVDQGJHQRPHV3HWHUVRQet al.7KHJHQHUDODGYDQWDJHV
DQGGLVDGYDQWDJHVRIWKHVHDSSURDFKHVKDYHEHHQGLVFXVVHGHOVHZKHUHHJ'DYH\et al.
3HWHUVRQet al. 3XULW]et al.  ,Q WKH FRQWH[W RI VWXGLHVRI UDGLDWLRQVZH
H[SHFW WKDW5$' DQG*%6PHWKRGVZLOO FRQWLQXH WR EH XVHIXO LQ WKH FRPLQJ \HDUV 7KHLU
SRWHQWLDOLVJUHDWHVWIRUFRPSOH[HVRIFORVHO\UHODWHGWD[DZKHUHVHTXHQFHGLYHUJHQFHLVVWLOO
ORZHQRXJKWRDOORZUHOLDEOHDOLJQPHQWGXULQJde novoclustering (“stack building”) or during 
PDSSLQJRIVHTXHQFHUHDGVDJDLQVWUHIHUHQFHJHQRPHV7KLVLVLPSRUWDQWEHFDXVHERWKde 
novo FOXVWHULQJ DQG UHIHUHQFHPDSSLQJ UHTXLUH WKH GHILQLWLRQ RI VHTXHQFH PLVPDWFK
WKUHVKROGV HJFULWHULRQRUPD[LPXPRIPLVPDWFKHV WRPD[LPL]H WKHFKDQFH WKDW
VLPLODU VHTXHQFH UHDGVREWDLQHG IURPGLIIHUHQWSRSXODWLRQVDQGVSHFLHVDUH LQGHHGDOOHOLF
LH WKDW WKH\ DUH RUWKRORJRXV UDWKHU WKDQ SDUDORJRXV VHH'DYH\ et al.  /H[HUet al.
:LWK WKHVH FDYHDWV LQPLQG 5$' DQG*%6 DSSURDFKHV UHSUHVHQW KLJKO\ YDOXDEOH














&XUUHQWO\ DYDLODEOH VHTXHQFLQJ WHFKQRORJLHV PDNH LW IHDVLEOH WR VWXG\ WKH JHQRPHV RI
UDGLDWLQJWD[DE\UHVHTXHQFLQJRIHQWLUHJHQRPHVDWORZFRYHUDJHW\SLFDOO\[$WWKH
SUHVHQW WLPH WKLV LVPRVWFRPPRQO\GRQHZLWKLQ ODUJHUUHVHDUFKSURMHFWVRUFRQVRUWLD7KH
+HOLFRQLXV *HQRPH &RQVRUWLXP  %UDZDQG et al.  /DPLFKKDQH\ et al. 
(OOHJUHQ1RYLNRYDet al.1HYHUWKHOHVV:*6VWXGLHVRIUDGLDWLQJWD[DDUHDOVR
HQWLUHO\IHDVLEOHIRUVPDOOHUUHVHDUFKJURXSVDQGDUHQRZZLWKLQUHDFKIRUPROHFXODUHFRORJ\
VWXGLHV RI UDGLDWLRQV LQ PDQ\ JURXSV RI DQLPDOV DQG SODQWV DV ORQJ DV DQ DVVHPEOHG









PDQ\ LQGLYLGXDOV IURP SDUWLFXODU SRSXODWLRQV ORFDOLW\ RU WD[D 6FKO|WWHUHU et al.  ,Q
HIIHFW ZH VXVSHFW WKDW :*6 ZLOO LQFUHDVLQJO\ UHSODFH VRFDOOHG JHQRPH VNLPPLQJ
DSSURDFKHVRIWHQXVHGLQV\VWHPDWLFELRORJ\YHU\ORZFRYHUDJHVHTXHQFLQJ\LHOGLQJPDLQO\
SODVWLGPLWRFKRQGULDO DQG ULERVRPDO '1$ GDWD 6WUDXE et al.  DV VHTXHQFLQJ FRVWV
GHFUHDVHIXUWKHUDQGPRUHQXFOHDUUHIHUHQFHJHQRPHDVVHPEOLHVEHFRPHDYDLODEOH7KXV
ZH H[SHFW WKDW ORZFRYHUDJH :*6 RI SRSXODWLRQV DQG VSHFLHV ZLOO UDSLGO\ EHFRPH WKH
QFKPDUNRISRSXODWLRQJHQHWLFDQGPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQV
7DUJHWHGUHVHTXHQFLQJ
Targeted resequencing or ‘sequence capture’ is an increasingly popular approach of partial 
JHQRPLF UHVHTXHQFLQJ ,WVPDLQ UDWLRQDOH LV WR IRFXVVHTXHQFLQJHIIRUWVRQDPDQDJHDEOH











UDWKHU WKDQ WKH HQWLUH JHQRPH $SSURDFKHV IRU VHTXHQFH FDSWXUH KDYH EHHQ LQ SODFH IRU
VHYHUDO \HDUV QRZ DQG FXUUHQWO\ XVHG PHWKRGV HLWKHU LQ VROXWLRQ RU RQ DUUD\V JUHDWO\
RXWSHUIRUPFRQYHQWLRQDO3&5DPSOLFRQVHTXHQFLQJ LQ WHUPVRI WKURXJKSXWHIILFLHQF\DQG




WR RYHUFRPH WKH FKDOOHQJH RI VHTXHQFLQJ PDQ\ LQGLYLGXDOV SRSXODWLRQV DQG VSHFLHV IRU
IDLUO\ODUJHQXPEHUVRIIXQFWLRQDOO\LQWHUHVWLQJJHQRPHUHJLRQV6LQFHWKH\HIIHFWLYHO\HQULFK
JHQRPLF '1$ WHPSODWHV IRU WKH FKRVHQ WDUJHWV FDSWXUH DSSURDFKHV DUH H[SHFWHG WR EH
XVHIXOIRUUHFRYHULQJJHQRPLFLQIRUPDWLRQIURPWLVVXHVWKDWFRQWDLQRQO\PLQXWHDPRXQWVRI
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polyphyletic origin and chromosomal speciation of Lake Baikal’s endemic asellid 
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models (GLM’s) explaining the relationship between prior and posterior species numbers 
VHHWH[WDQG7DEOH67ZRVWXGLHVZLWKERWKSULRUDQGSRVWHULRUVSHFLHVQXPEHUVRIDQG
UHVSHFWLYHO\ZHUHLncluded in GLM’s but are not depicted in the graph for better visibility 
RIWKHUHPDLQLQJGDWDSRLQWV7KHGLDJRQDODOORZVLQVSHFWLQJGHSDUWXUHVRIWKHGDWDIURPD
SHUIHFWOLQHDUUHODWLRQVKLS
)LJ0DMRUFRQFHSWVVFDOHVDQGDSSURDFKHVFXUUHQWO\UHOHYDQWWRPROHFXODUHFRORJ\
VWXGLHVRIVSHFLHVUDGLDWLRQVLQFOXGLQJFRQFHSWVDQGDSSURDFKHVH[SHFWHGWRDGYDQFH
UHVHDUFKRQUDGLDWLRQVLQWKHFRPLQJ\HDUV$+\SRWKHWLFDOSK\ORJHQ\RIUDGLDWLQJWD[DZLWK
RUDQJHDQGJUHHQFLUFOHVUHSUHVHQWLQJHFRORJLFDOO\LPSRUWDQWWUDLWVHJWUDLWVIDFLOLWDWLQJWKH
LQYDVLRQRIDQHZDGDSWLYH]RQH7KHRUDQJHWUDLWLVDVVRFLDWHGZLWKUDSLGGLYHUVLILFDWLRQLH
UDGLDWLRQ2UDQJHDQGJUHHQWD[DGLIIHULQWKHLUDOWLWXGLQDOUDQJHVZLWKJUHHQWD[DIRXQGDW
HUDOWLWXGHVDQGRUDQJHWD[DDWKLJKHUDOWLWXGHVDVPD\EHWKHFDVHIRUSODQWWD[DZLWK
GLIIHUHQWSROOLQDWLRQV\QGURPHV/DWLWXGLQDOGHOLPLWDWLRQRIRUDQJHDQGJUHHQFODGHVLVRQO\IRU
VHRIYLVXDOL]DWLRQ7KHLQVHWXQGHUWKHPDJQLI\LQJJODVVVKRZVWKHSRSXODWLRQJHQHWLFist’s 
DQJOHRIVWXG\LQJUDGLDWLRQVHJXVLQJWUHHRUQHWZRUNEDVHGDSSURDFKHV+HUH\HOORZ
RUDQJHDQGUHGFLUFOHVLQGLFDWHORFDOO\DGDSWHGSRSXODWLRQVRUHFRW\SHVZLWKGLIIHUHQFHVLQ
DGDSWLYHWUDLWVH[HPSOLILHGE\HOHYDWLRQDODGDSWDWLRQLQPRXQWDLQV7KHWUDQVLWLRQEHWZHHQ
WKHPLFURDQGPDFURHYROXWLRQDU\VFDOHVRUEHWZHHQSK\ORJHQHWLFVDQGSRSXODWLRQ
JHQHWLFVUHVSHFWLYHO\LVLQIDFWPRUHFRQWLQXRXVWKDQGHSLFWHGLQWKHJUDSK%'LIIHUHQW
PROHFXODUDQGJHQRPLFDSSURDFKHVFXUUHQWO\LQXVHIRUVWXG\LQJUDGLDWLRQVLQFOXGLQJWKHLU

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SUDFWLFDELOLW\DFURVVGLIIHUHQWWD[RQRPLFUDQNVDQGOHYHOVRIGLYHUJHQFH:KROHJHQRPH
VHTXHQFLQJ:*6LVSRWHQWLDOO\DSSOLFDEOHDFURVVDZLGHUWD[RQRPLFUDQJHWKDQGHSLFWHG
KHUHZKHQFRQVLGHULQJVWXG\GHVLJQVWKDWVSHFLILFDOO\WDUJHWFRQVHUYHGFRGLQJUHJLRQVWKXV
GLVFDUGLQJWKHEXONRIPRUHGLYHUJHQWVHTXHQFHUHDGVREWDLQHGIURPLQWHUJHQLFVSDFHDQG
VRFDOOHGJHQRPHVNLPPLQJDSSURDFKHVWDUJHWLQJSULPDULO\RUJDQHOODUDQGULERVRPDO'1$


6XSSRUWLQJ,QIRUPDWLRQDFFRPSDQ\LQJWKLVSDSHU

7DEOH6(VVHQWLDOELRORJLFDODQGWHFKQLFDOIHDWXUHVUHFRYHUHGIURPVWXGLHVRQVSHFLHV
UDGLDWLRQVSXEOLVKHGLQ02/(&8/$5(&2/2*<RYHUD\HDUSHULRG)XOOFLWDWLRQVRIDOO
DUWLFOHVDUHSURYLGHGLQWKHUHIHUHQFHVHFWLRQRIWKLVSDSHU

7DEOH63HUIRUPDQFHRIGLIIHUHQWSUHGLFWRUVDQGPRGHOVWRH[SODLQWKHGLIIHUHQFHEHWZHHQ
SULRUDQGSRVWHULRUQXPEHUVRIVSHFLHVLQWKHDUWLFOHVUHYLHZHGIRUWKLV2SLQLRQSDSHU
$EEUHYLDWLRQVSULRUBSRVWHULRUGLIIHUHQFHEHWZHHQSULRUDQGSRVWHULRUQXPEHURIVSHFLHV
JHQRPHW\SHRIJHQRPHVDPSOHGLHHLWKHULQFOXGLQJQXFOHDUJHQRPHVRURUJDQHOODU
JHQRPHVRQO\\HDUSXEOLFDWLRQ\HDURIVWXG\QRBSRSQXPEHURISRSXODWLRQVVDPSOHG
QEBLQGWRWDOQXPEHURILQGLYLGXDOVVDPSOHGIRUHDFKVWXG\LQGBSHUBSRSQXPEHURI
LQGLYLGXDOVSHUSRSXODWLRQ)RUJUDSKLFDOUHSUHVHQWDWLRQRISULRUversus SRVWHULRUVSHFLHV
QXPEHUVVHH)LJRIPDLQSDSHU


7DEOH6XPPDU\RIPROHFXODUHFRORJ\VWXGLHVRIVSHFLHV
UDGLDWLRQVUHYLHZHGIRUWKLV2SLQLRQSDSHU

&DWHJRU\ 1RRILWHPV
7RWDOQRRIUHYLHZHGVWXGLHV 
:LWKLQKRWVSRWV 
2XWVLGHKRWVSRWV 
%\ELRJHRJUDSKLFUHJLRQ 
0HGLWHUUDQHDQ 
3RODU 
7HPSHUDWH 
7URSLFDO 
7URSLFDOWHPSHUDWH 
:LGHVSUHDGRWKHU 
%\PROHFXODUPHWKRG 
$)/3 
0LFURVDWHOOLWHV 
1XFOHDUVHTXHQFLQJ 
2UJDQHOODUVHTXHQFLQJ 
1*6JHQRW\SLQJ 
*HQRPLFRWKHU 

)RUVWXG\FRXQWVLQGLIIHUHQWRUJDQLVPDOJURXSVVHH)LJ
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